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ABSTRACT 

This study assessed the unfulfilled promises of agroforestry (AF) and conservation 

agriculture (CA) as climate-smart agriculture (CSA) practices in Kenya, Tanzania, 

Uganda, and Zimbabwe. Despite their potential for carbon sequestration, soil 

conservation, and enhanced food security, empirical evidence of their effectiveness 

remains fragmented, particularly at larger scales. The research aimed to evaluate 

the ecological functions of AF and CA, their impact on smallholder farming 

systems, and the socio-economic barriers to their adoption. Key objectives include 

understanding their contributions to carbon sequestration, soil health, and climate 

resilience, as well as identifying strategies to enhance their scalability and 

effectiveness. The study employed a systematic literature review, focusing on peer-

reviewed articles published between 2021 and 2024. Boolean operators were used 

to search databases like Google Scholar, Web of Science, and Scopus. Inclusion 

criteria prioritised studies on AF and CA as CSA practices, conducted in the 

specified countries, and available in English. The review process involved title and 

abstract screening, full-text analysis, and final selection based on relevance and 

data quality. Findings revealed that AF and CA show significant potential for 

improving environmental sustainability and farm productivity, particularly in 

enhancing soil fertility and carbon sequestration. However, their adoption is 

hindered by financial constraints, limited access to credit, and socio-economic 

disparities among farmers. Mixed results were observed in crop yield 

improvements, with some regions reporting positive outcomes while others showed 

negligible benefits. The study highlights the need for tailored interventions, 

supportive policies, and institutional capacity-building to overcome these barriers. 

In conclusion, AF and CA can contribute to climate resilience and food security, 

but their success depends on integrating innovative techniques with organic matter 

management and leveraging social structures for mobilisation. Recommendations 

include scaling up these practices through commercialisation, resource availability, 

and knowledge dissemination. Future research should focus on refining models for 
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small land sizes, addressing labour constraints, and employing participatory 

approaches to ensure sustainable adoption and effectiveness in sub-Saharan Africa. 
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INTRODUCTION 

Numerous studies have highlighted the potential of 

agroforestry and conservation agriculture as 

effective climate-smart agricultural (CSA) 

practices, particularly in their role in carbon 

sequestration and overall ecosystem enhancement 

(Zomer et al., 2022; Ghale et al., 2022; Singh et al., 

2024). These practices have been widely promoted 

as solutions for mitigating climate change by 

reducing carbon emissions and enhancing soil 

health. However, despite the widespread claims, 

empirical evidence on their actual effectiveness 

remains fragmented and inconclusive, particularly 

at larger landscape scales (Zahoor et al., 2021; 

Koutika et al., 2021). The focus of existing research 

has primarily been on small-scale subsistence 

agriculture, with limited assessments of its 

scalability and impact beyond micro-level case 

studies. Moreover, studies predominantly examine 

tree-based agroforestry systems while other forms 

of agroforestry remain underexplored (Dev et al., 

2022; Gautam et al., 2022). 

The difficulty in assessing the real impact of 

agroforestry and conservation agriculture at 

landscape scales stems from their interaction with 

various land-use transitions, habitat types, and 

agricultural sectors (Arshad et al., 2021). These 

complexities make comprehensive evaluations 

challenging. Additionally, general discussions about 

their carbon sequestration potential often lack 

specificity concerning scale and land-use intensity. 

Consequently, evidence on the extent to which these 

practices fulfil their climate-smart potential remains 

sparse. Their optimal spatial configuration and 

socio-economic feasibility in smallholder 

agriculture contexts are yet to be fully understood. 

Sub-Saharan Africa (SSA), including countries such 

as Kenya, Tanzania, Uganda, and Zimbabwe, faces 

significant agricultural challenges due to increasing 

climate variability. Rising temperatures and shifting 

precipitation patterns are projected to reduce crop 

yields, particularly in tropical regions (Yang et al., 

2021; Cos et al., 2022).  

In East Africa, delays in the onset of rainy seasons 

have reduced rainy days, and more extreme weather 

events have been observed. Projections indicate a 

temperature increase of 1 to 3.3 °C by the 2050s, 

which will have severe implications for crop and 
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livestock production, water availability, and soil 

health (You et al., 2021; Henderson et al., 2022). 

Staple crop systems, including maize-legume 

rotations and banana-based agroecosystems, are 

expected to experience significant productivity 

declines under these changing climatic conditions. 

Given that forestry, energy, and agriculture 

collectively contribute substantial greenhouse gas 

emissions in Eastern Africa (Jain et al., 2022), 

solutions that enhance carbon sequestration while 

maintaining agricultural productivity are crucial. 

The adverse effects of climate change on 

agricultural productivity and profitability threaten 

livelihoods and exacerbate poverty levels in SSA. 

Increased climate variability raises concerns about 

soil erosion, land degradation, and resource 

depletion, necessitating the adoption of sustainable 

land management strategies.  

Agroforestry and conservation agriculture have 

been promoted as adaptive solutions, offering 

multiple co-benefits such as increased resilience to 

pests and diseases, improved soil conservation, 

enhanced microclimate regulation, and better air 

quality. These practices also contribute to food 

security by stabilising yields despite erratic weather 

conditions (Henderson et al., 2022; Allan et al., 

2023). However, their actual contributions to 

climate adaptation and mitigation remain under-

investigated, particularly in the context of 

smallholder farmers who operate under diverse 

socio-economic and environmental constraints. 

Agriculture in SSA is increasingly vulnerable to 

climate-induced risks, necessitating a shift towards 

more sustainable and resilient production systems. 

While significant efforts have been made to promote 

CSA adoption, empirical evidence on its actual 

benefits remains scarce, especially concerning 

agroforestry and conservation agriculture practices. 

The effectiveness of these practices in enhancing 

soil fertility, improving carbon sequestration, and 

supporting ecosystem services has not been 

systematically evaluated at the farm level. 

Furthermore, the pathways through which 

smallholder farmers adopt CSA and the challenges 

they face in implementing these practices require 

further investigation. Current food production levels 

in SSA are insufficient to meet growing demand, 

leading to increased dependence on processed food 

imports. Low agricultural productivity is primarily 

driven by declining soil fertility, poor resource 

management, and climate variability. Despite the 

promotion of conservation agriculture and 

agroforestry as sustainable alternatives, their 

widespread adoption remains limited. 

Understanding the barriers to their implementation 

and identifying strategies for optimising their 

benefits is crucial for enhancing food security and 

climate resilience in the region.  

This study aimed to evaluate the extent to which 

agroforestry and conservation agriculture practices 

fulfil their promises as climate-smart agricultural 

strategies in Kenya, Tanzania, Uganda, and 

Zimbabwe. The research focused on assessing the 

ecological functions of these practices, including 

carbon sequestration, soil conservation, and their 

overall impact on agroecosystem stability, 

productivity, and resilience under smallholder 

farming conditions. Additionally, the study seeks to 

identify the challenges that smallholder farmers face 

in adopting these practices and explore the measures 

needed to maximise their benefits. Specifically, the 

research will address the following key questions: 

To what extent do agroforestry and conservation 

agriculture contribute to carbon sequestration and 

soil conservation in smallholder farming systems? 

How do these practices influence food security and 

resilience to climate change in the study regions? 

What socio-economic and policy factors affect the 

adoption and sustainability of agroforestry and 

conservation agriculture among smallholder 

farmers? What strategies can enhance the 

effectiveness and scalability of these practices in 

addressing climate change adaptation and 

mitigation? By addressing these questions, this 
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study aims to generate insights that can inform 

policy decisions, guide extension services, and 

support smallholder farmers in effectively 

integrating agroforestry and conservation 

agriculture into their farming systems. Ultimately, 

the findings will contribute to a better understanding 

of how these practices can be optimised to enhance 

food security, improve ecosystem services, and 

build resilience against climate change in Eastern 

and Southern Africa. 

LITERATURE REVIEW 

The need to strengthen the adaptive capacity of 

agricultural systems has gained increasing attention 

as part of broader global, regional, national, and 

local strategies to address climate change. This 

concept is frequently framed within the discourse of 

"climate-smart agriculture" (CSA). However, the 

promotion of practices such as agroforestry and 

conservation agriculture as means to enhance 

agricultural resilience is not a recent development. 

These practices have long been advocated in various 

countries as solutions to support sustainable farming 

systems (Park et al., 2022; Fahad et al., 2022).  

Recently, this expectation has been amplified by 

stakeholders pushing for the integration of CSA into 

national policies. This aligns with the broader 

narrative that CSA can contribute to long-term food 

security while preserving and improving the 

livelihoods of those most vulnerable to climate 

variability and uncertainty. Nonetheless, the extent 

to which these claims reflect reality remains 

debatable, as they are often presented with an overly 

optimistic outlook (Santiago-Freijanes et al., 2021; 

Rosati et al., 2021; Rodenburg et al., 2021; Mazhar 

et al., 2021). 

Although agroforestry and conservation agriculture 

are frequently promoted as solutions for "greening" 

agriculture, their large-scale adoption remains 

constrained. Farmers, government agencies, and 

civil society often have limited influence over the 

expansion of these practices, not necessarily due to 

a lack of interest but rather due to systemic barriers 

(Castle et al., 2021; Choden & Ghaley, 2021; 

Raihan, 2023). Additionally, governance reforms 

within the agricultural sector have, in some cases, 

weakened institutional support for these practices, 

placing their future sustainability at risk. For CSA to 

be effectively implemented, both international 

donors and national governments must take 

deliberate steps to establish an enabling policy 

environment that fosters long-term adoption. 

Furthermore, alternative approaches that align more 

closely with national development goals, poverty 

reduction strategies, and pathways toward low-

carbon economic growth should be explored, 

ensuring that agricultural transformation remains 

both inclusive and sustainable. 

Key Concepts of Agroforestry and Conservation 

Agriculture 

Agroforestry and conservation agriculture are 

modern approaches to agricultural systems that 

emphasise environmental benefits. Conservation 

agriculture is typically defined in three ways: (a) as 

a farming method that minimises soil disturbance, 

ensures continuous soil cover, and incorporates crop 

rotation; (b) as a set of guiding principles; and (c) as 

an alternative to conventional agricultural models 

based on scientific and technological advancements. 

Similarly, agroforestry integrates trees into 

agricultural landscapes to prevent deforestation 

while producing food, fuel, and timber.  

This practice also supports soil conservation, 

biodiversity, and other ecological services. In 

Africa, traditional agroforestry systems, often 

characterised by complex indigenous techniques, 

are gradually being replaced by fast-growing tree 

species compatible with commercial agriculture. 

Global discussions on climate-smart agriculture 

frequently highlight the role of agroforestry and 

conservation agriculture in promoting sustainable 

agricultural practices (Udawatta et al., 2021; Jose & 
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Udawatta, 2021; Pantera et al., 2021; Castle et al., 

2021; Rosati et al., 2021; Adedibu, 2023; Fatima et 

al., 2024). 

Effectiveness of Agroforestry and Conservation 

Agriculture as CSA Practices 

Research examining the effectiveness of 

agroforestry and conservation agriculture in sub-

Saharan Africa presents varied results, with limited 

studies focusing on arid regions where climate-

smart agriculture is most needed (Rehman et al., 

2022; Notaro et al., 2022; Saikanth et al., 2023). 

Findings from Kenya, Malawi, and Zimbabwe 

indicate that conservation agriculture generally 

enhances cereal and legume yields. In Western 

Kenya, this yield increase was primarily observed in 

farms exceeding three hectares. Malawi's southern 

region exhibited improved drought tolerance and 

higher maize yields under conservation agriculture 

practices (Ngalande, 2021; Mwiinga, 2021; 

Murindangabo et al., 2021; Kimathi, 2023). 

In Tanzania, positive yield outcomes were observed 

under normal rainfall conditions, though results 

were inconsistent during drought periods. Studies 

from Tanzania, Malawi, and Mozambique suggest 

that conservation agriculture could enhance 

drought-resilient dairy feeding systems, yet 

concerns remain regarding reduced fodder yields 

when prioritising food crops. The benefits of 

conservation agriculture are not universally 

consistent, as some semi-arid regions in Malawi and 

Tanzania showed negligible yield improvements 

(Mupangwa et al., 2021; Ngoma et al., 2021; 

Mbanyele et al., 2022). Similarly, in Kenya, labour-

intensive practices such as manual labour and 

animal traction sometimes led to reduced 

profitability. Socioeconomic disparities also 

influence adoption rates, with wealthier farmers 

more likely to benefit than lower-income groups. 

Most research on agroforestry and conservation 

agriculture has focused on farm-level impacts, 

highlighting the role of land use and soil 

management in mitigating climate change effects. 

These practices contribute to soil health by 

enhancing organic matter and improving soil 

structure. While conventional farming has depleted 

soil nutrients, agroforestry systems improve soil 

fertility through nitrogen fixation and nutrient 

recycling. Globally, agroforestry is recognised for 

its scalability and potential to support climate 

adaptation (Koutika et al., 2021; Fahad et al., 2022; 

Rawat et al., 2022; Kaur et al., 2023). 

Conservation agriculture, emphasising minimal soil 

disturbance, has been linked to better soil structure 

and infiltration rates. However, its role in building 

soil carbon stocks compared to agroforestry and 

small-scale agroecological systems in developing 

nations remains unclear (Kiboi et al., 2021; Muthoni 

et al., 2021). Despite evident environmental 

advantages, both agroforestry and conservation 

agriculture have limitations. There is a lack of 

extensive research on their resilience to extreme 

weather events such as heavy rainfall and flooding. 

Additionally, agroforestry's carbon sequestration 

potential may reach a saturation point beyond which 

no additional benefits are gained (Reicosky & 

Kassam, 2021; Bohoussou et al., 2022; Cárceles et 

al., 2022; Das et al., 2022; Francaviglia et al., 2023). 

Overview of CSA, Agroforestry, and 

Conservation Agriculture 

Climate-smart agriculture (CSA) integrates 

sustainable agricultural practices with 

environmental stewardship to enhance productivity, 

mitigate greenhouse gas emissions, and support 

adaptation to climate change. This approach 

promotes resource-efficient strategies, with 

agroforestry and conservation agriculture 

recognised as key interventions. Agroforestry 

contributes to sustainable land use by preserving 

soil, water, and vegetation, while conservation 

agriculture complements it through minimal tillage, 

moisture conservation, and reduced reliance on 
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chemical inputs (Jose et al., 2022; Keprate et al., 

2024; Jumiyati & Frimawaty, 2024; Robert & Peter, 

2024). 

Agroforestry offers ecological and socio-economic 

benefits by enhancing environmental stability, 

economic resilience, and social capital. CSA, 

agroforestry, and conservation agriculture share 

common environmental and cultural dimensions, 

with overlapping benefits such as soil enrichment, 

biodiversity conservation, and ecological 

sustainability. Research suggests that integrating 

indigenous knowledge with agroforestry, 

conservation agriculture, and agroecological 

practices can strengthen climate adaptation efforts. 

Understanding local environmental and socio-

economic contexts is crucial before implementing 

these strategies (Rozaki et al., 2021; Xu et al., 2021; 

Smith et al., 2022; Cerca et al., 2022; Egli et al., 

2023). 

Benefits and Limitations of Agroforestry and 

Conservation Agriculture in Climate Change 

Mitigation 

Benefits of Agroforestry and Conservation 

Agriculture 

Agroforestry enhances biodiversity, soil fertility, 

and agricultural resilience across multiple scales. 

Integrating trees with crops and livestock sustains 

agricultural biodiversity by supporting pollinators, 

birds, and other wildlife (Tsufac et al., 2021; 

Marques et al., 2022). Agroforestry systems, 

particularly those on forest edges, tend to have 

higher biodiversity levels than monoculture 

systems. While African agroforestry systems are 

often perceived as less diverse, they still provide 

ecological benefits (Udawatta et al., 2021; Suárez et 

al., 2021; Rosati et al., 2021; Fahad et al., 2022). 

Conservation agriculture enhances cropping system 

sustainability by improving soil health and 

increasing biodiversity. It reduces soil erosion, 

enhances organic matter, optimises water retention, 

and minimises reliance on synthetic fertilisers and 

pesticides. These practices also facilitate rural 

technology transfer, fostering an enabling 

environment for sustainable agriculture (Shah et al., 

2021; Viguier et al., 2021; Kumar et al., 2021). 

Conservation agriculture seeks to mimic natural 

ecosystems while maintaining agricultural 

productivity. However, global pressures such as 

urbanisation, food demand, and climate change 

necessitate broader systemic adaptations. 

Conservation agriculture is one approach that, when 

integrated into holistic farming strategies, can 

support resilient and sustainable agricultural 

production (Hermans et al., 2021; Cárceles et al., 

2022; Francaviglia et al., 2023). 

Review of Existing Studies on AF and CA in 

Tanzania, Uganda, and Zimbabwe 

Tanzania, Uganda, and Zimbabwe are some of the 

African countries in which studies on AGFOR/CA 

have been conducted. In Tanzania, some studies 

have been carried out in the northeastern, northern, 

and southern highlands, and the eastern and central 

zones of the country. On the other hand, the 

southwestern, central, and western parts of Tanzania 

were not covered by the studies. In Uganda, most of 

the work on AGFOR/CA has been carried out in the 

eastern region. However, the studies did not cover 

western Uganda. In Zimbabwe, most of the 

empirical evidence was generated in the northern 

and eastern regions. The rest of the country was not 

covered by empirical work on AGFOR and CA. 

Studies on the possible upscaling and promotion of 

climate-smart technologies in agriculture are 

ongoing in the country. 

AGFOR/CA interventions can be site-specific; as a 

result, evidence and effects cannot be generalised 

from one agroecological zone to another. For 

example, research findings wrap across both 

agroecological zones and crops relevant to the local 

level (e.g., maize, bananas in Uganda and Tanzania, 

groundnut and pigeon pea in Tanzania and 

http://creativecommons.org/licenses/by/4.0/


East African Journal of Agriculture and Biotechnology, Volume 8, Issue 1, 2025 
Article DOI : https://doi.org/10.37284/eajab.8.1.2975 

264 | This work is licensed under a Creative Commons Attribution 4.0 International License 

Zimbabwe) (Udawatta et al., 2021; Fahad et al., 

2022). Existing knowledge from Kenya, Tanzania, 

Uganda, and Zimbabwe shows that economic 

benefits are complex and vary at the farmer level, 

combining market access and crop performance. 

Socio-economic benefits resulting from AF and CA 

adoption have also been studied. Studies have 

revealed that socio-economic benefits have been 

driven by the household characteristics of the AF 

adopters. Environmental benefits have been studied 

in Zimbabwe and Tanzania. Research has focused 

on soil fertility restoration, erosion control, and 

above-ground benefits, such as carbon sequestration 

(Suárez et al., 2021; Rosati et al., 2021). This 

knowledge has shown an enhancement of soil 

infiltration, increased yield, and reduced soil erosion 

in AF-CA versus conventional farmers' plots. 

Forestry products are sometimes cross-cut, but 

longer-term studies are needed, especially in 

Tanzania, Zimbabwe, and Uganda. Most of the 

studies were focused on conservation agriculture 

practices without sufficient information on other 

greenhouse gas reduction strategies. Furthermore, 

there was no single study that investigated the 

adoption of carbon-offsetting practices.  

RESEARCH METHODOLOGY 

Boolean Operators, Inclusion and Exclusion 

Criteria, and Screening Process 

This review study employed Boolean operators 

(AND, OR, NOT) to refine search queries across 

databases such as Google Scholar, Web of Science, 

ScienceDirect, and Scopus. The literature review 

was conducted using the following inclusion criteria 

to ensure relevance and rigour:   

• Peer-reviewed studies published between 2021 

and 2024: Only recent, high-quality research 

articles from reputable journals were considered 

to capture the latest advancements and findings 

in the field.   

• Studies focusing on agroforestry and 

conservation agriculture as climate-smart 

solutions: The review prioritised research that 

explicitly examined agroforestry (AF) and 

conservation agriculture (CA) as key climate-

smart agriculture (CSA) practices, emphasising 

their role in enhancing resilience, productivity, 

and sustainability in agricultural systems.   

• Research conducted in Kenya, Tanzania, 

Uganda, and Zimbabwe: Geographic focus was 

limited to these four countries to ensure 

contextual relevance and to align with the 

study’s objectives of understanding CSA 

adoption and impacts in sub-Saharan Africa.   

• Articles available in English: To maintain 

consistency and accessibility, only studies 

published in English were included, ensuring 

that the findings could be comprehensively 

analysed and interpreted.   

This approach ensured a focused and systematic 

review of the most current and applicable research, 

providing a robust foundation for understanding the 

potential and challenges of agroforestry and 

conservation agriculture as climate-smart solutions 

in the specified regions. 

Exclusion criteria include: 

Exclusion criteria include studies that fall outside 

the defined African context, ensuring that only 

research relevant to Kenya, Tanzania, Uganda, and 

Zimbabwe is considered. Additionally, research that 

does not explicitly discuss climate-smart 

agricultural practices, such as agroforestry or 

conservation agriculture, is excluded to maintain 

thematic relevance. Furthermore, non-peer-

reviewed sources, including opinion pieces, blogs, 

and unverified reports, are omitted to ensure the 

credibility and reliability of the findings presented 

in this review. 
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The screening process follows a three-stage 

approach: 

• Title and Abstract Screening: Initial screening 

involved evaluating the titles and abstracts of 

articles to identify those aligning with the 

inclusion criteria, such as a focus on 

agroforestry, conservation agriculture, and 

climate-smart agriculture. Articles meeting 

these criteria advanced to the next stage.   

• Full-Text Review: A comprehensive analysis of 

the full texts was conducted to assess their 

relevance, methodological rigour, and 

alignment with the study’s objectives. This step 

ensured that only high-quality, contextually 

appropriate research was considered.   

• Final Selection: The final stage involved 

selecting studies that provided substantial and 

actionable data on agroforestry, conservation 

agriculture, and their impacts on food security, 

productivity, and environmental sustainability. 

This rigorous process ensured the inclusion of 

the most relevant and impactful research for the 

review

Table 1:  Included Studies 

Study Author(s) Year Focus Area 

Global carbon sequestration potential of 

agroforestry 

Zomer et al. 2022 Agroforestry, Carbon 

Sequestration 

Carbon storage and economic efficiency 

of fruit-based systems 

Singh et al. 2024 Sustainable Agriculture, Carbon 

Storage 

Carbon sequestration potential of 

agroforestry systems 

Ghale et al. 2022 Climate Change Mitigation 

Apple-based agroforestry systems for 

biomass production 

Zahoor et al. 2021 Food Security, Climate Change 

Conservation Agriculture in Agroforestry 

Systems 

Dev et al. 2022 Conservation Agriculture 

Mitigation and Adaptation Options in 

Agroforestry 

Gautam et al. 2022 Climate Adaptation 

Nitrogen-fixing trees and organic carbon 

sequestration 

Koutika et al. 2021 Agroforestry, Carbon 

Sequestration 

The impact of conservation agriculture 

adoption on farmer welfare 

Ngalande 2021 Conservation Agriculture, 

Welfare Impact 

Impact of conservation agriculture on 

maize productivity 

Mwiinga 2021 Conservation Agriculture, Crop 

Productivity 

Maize yields from rotation and 

intercropping systems 

Mupangwa et al. 2021 Conservation Agriculture, 

Maize Yields 

Understanding adoption and impacts of 

conservation agriculture 

Ngoma et al. 2021 Conservation Agriculture, 

Adoption Impact 

Conservation agriculture in semi-arid 

Zimbabwe 

Mbanyele et al. 2022 Conservation Agriculture, Soil 

Water Availability 

Adoption of conservation agriculture in 

Rwanda 

Murindangabo et 

al. 

2021 Conservation Agriculture, 

Rwanda 

Soil nutrients and crop yield response to 

conservation management 

Kiboi et al. 2021 Soil Management, Conservation 

Practices 

Machine learning model predicting maize 

yields 

Muthoni et al. 2021 Machine Learning, 

Conservation Agriculture 
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Study Author(s) Year Focus Area 

Agroforestry systems and soil fertility 

enhancement 

Tsufac et al. 2021 Agroforestry, Soil Fertility 

Climate change and small-scale 

agriculture in Africa 

Apraku et al. 2021 Climate Change, Indigenous 

Knowledge 

Climate-smart agriculture research and 

applications in Africa 

Barasa et al. 2021 Climate-Smart Agriculture 

Gender and social seed networks for 

climate adaptation 

Otieno et al. 2021 Gender, Climate Change 

Adaptation 

Nature-based solutions for water resource 

management in ASALs 

Okello et al. 2024 Water Management, Nature-

Based Solutions 

The Impact of Climate-Smart Agriculture 

on Household Welfare 

Mujeyi et al. 2021 Climate-Smart Agriculture, 

Household Welfare 

RESEARCH FINDINGS 

On-farm measurement of carbon stocks in 

agroforestry practices and conservation agriculture 

has demonstrated that these practices, when 

implemented well, can have a substantial climate 

change mitigation potential. In the case of 

agroforestry practices, the main driver of change 

was increased carbon stocks in the trees, typically 

over 50 to 100 tonnes per hectare. Key to this is, of 

course, the extent of agroforestry inclusion, with the 

potential to include all cropland areas not already 

used for agro-biodiversity or high-carbon 

landscapes of peats or wetlands (Tsufac et al., 2021; 

Marques et al., 2022). The height of the trees is key, 

as is the biophysical use of biomass and inclusion of 

a variety of species, so long as we understand which 

has the most potential. In conservation agriculture 

practices, increases in soil carbon stocks could reach 

20 to 40 tonnes per hectare of soils that have been 

diminished by historic conventional farming 

practices. These examples will be reviewed in the 

main body of the report. Given these conditions, and 

under high-emission climates, the potential for 

farmlands to make a major contribution to climate 

mitigation, and conversely not be locked into 

business-as-usual emissions or conversion to 

biomass for increased bioenergy production, 

remains stark. Truly climate-smart integration for 

agriculture can increase a web of resources at the 

farm level. 

Assessment of the Effectiveness of Agroforestry 

and Conservation Agriculture in Kenya 

In Kenya, the prevalence of chronic food insecurity 

rose from 42% to 54% between 2008 and 2012. The 

rural poor, who are most involved in agriculture, are 

the hardest hit. Kenya relies heavily on rain-fed 

agriculture, with an estimated 70% of the population 

dependent on agriculture for their livelihoods. In 

Kenya, soil fertility decline and inadequate, 

unreliable rainfall continue to threaten food security 

for the majority of Kenyan households. Agriculture 

occupies 65% of the country, growing at a rate of 

1.7% a year over the last 10 years, and shifting land 

use cover from indigenous and exotic forest, 

brushland, savanna, woodland, and grassland to 

largely annual and perennial crops with unplanned 

settlements (Muthoni et al., 2021). 

Tree planting in the Kenyan highlands, home to 

most agriculturists and farmers who settle across 

considerable areas of such fertile soil, increased 

from 7% in 1887 to 14% in 2006. Most tree planting 

enthusiasm is tied to the prospect of considerable 

tree-based technology potential that would allow 

trees to help fight soil fertility decline, increase 

rainfall, and grow the economy. It is evident that 

agroforestry, the practice of farming alongside trees, 
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is an ideal practice. Yet, the potential of trees to 

increase rainfall, buffer climate change, sustain 

farming-related ecosystem services, and especially 

to support and improve the livelihoods of the poor, 

alienates capricious cash crop species such as 

coffee, which for most of its life cycle is not food 

security enhancing, while thriving with rural 

poverty during coffee price declines. 

Effectiveness of Agroforestry and Conservation 

Agriculture in Tanzania 

In Tanzania, two separate government-established 

institutional frameworks manage agroforestry and 

conservation agriculture. The SAGCOT Centre Ltd 

offers a complementary platform with the 

MVIWATA program to promote the increase of 

productivity in smallholder farming using 

agroforestry to optimise farmland use in a way that 

promotes viable community tree and crop 

enterprises as part of sustainable agriculture 

intensification in selected areas. Conservation 

agriculture is promoted to meet the needs of more 

intensively cultivated land in the Kilimanjaro 

Region and is supported in a way that directly 

addresses soil erosion and conservation problems, 

such as the reduction of the loss of arable land, 

where there is the greatest concern about increasing 

land scarcity, the cultivation of steep slopes, and the 

environmental damage resulting from the 

conversion of forest to agricultural land (Kiboi et al., 

2021). This finding, although portraying Tanzania 

as having an improved institutional framework in 

managing climate-smart agriculture practices 

compared to the three other countries, is deceptive. 

The study highlights the existence of many gaps in 

the sustainability and impact of agroforestry and 

conservation agriculture. The delineation of 

agroforestry and conservation agriculture 

institutions supports the emphasis in the literature on 

the significance of looking at the institutional fit in 

the initiative of climate-smart agriculture. The mere 

existence of institutional arrangements to deal with 

agroforestry and conservation agriculture does not 

negate the possibility of duplication within the 

institutional frameworks of agriculture, forestry, 

environment, and land management, among others, 

and a lack of a coordinated policy that can 

understand agroforestry and conservation 

agriculture approaches, origins, and terminology. 

Effectiveness of Agroforestry and Conservation 

Agriculture in Uganda 

Agricultural Production, both Conservation 

Agriculture and Agroforestry, are not completely 

new in Uganda; both have existed in traditional 

forms for centuries, but these forms were either not 

perfected or have been replaced with other 

traditional indigenous methods or shifted to other 

cropping forms. Compared to traditional 

Agroforestry and Conservation Agriculture, the new 

versions had some reduction in the complexity of 

traditional practices. The improvement of these old 

methods has increased the adoption of these 

practices regardless of location in Uganda. For 

instance, in the agriculturally relatively rich Eastern 

and South West regions, as well as in the Karamoja 

region, the practice was found (Murindangabo et al., 

2021). The new Conservation Agriculture and 

Agroforestry practices were as successful as the 

traditional ones, and several elements of climate-

smart agriculture were included. The most 

successful approach was implemented in the north 

of Uganda using both a political approach and a 

traditional approach, which sounds like the East 

African Agroforestry and Conservation Agriculture 

approach. However, the requirement to give villages 

ownership of the technology instead of a select 

group of skilled people is a wide-scale difference. 

Effectiveness of Agroforestry and Conservation 

Agriculture in Zimbabwe 

To assess the effectiveness of agroforestry and 

conservation agriculture practices, it was important 

to look at the state of adoption of the technologies in 

the country. A survey was carried out, and the 

results indicated low adoption of both conservation 
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agriculture and agroforestry practices. Only 23.4% 

of farmers are practising agroforestry, while 25% 

are practising conservation agriculture. The highest 

proportion (32.9%) of households practised fields 

that had both technologies. The survey also revealed 

that there are forestry bylaws and traditional 

association rules and regulations that determine 

which tree species should be preserved and that can 

be cultivated by the different households in the rural 

areas. Agroforestry and conservation agriculture 

practices are used by a minority of households for 

different reasons, and the impacts thereof may not 

bring the desired relief in the face of climate change 

challenges. The study conducted found that greater 

benefits are achieved if the two technologies are 

practised together in a system (Mbanyele et al., 

2022). In a study involving households practising 

zero tillage, direct seeding, and use of organic 

fertilisers, linear programming model results 

showed that the conservation agriculture system was 

the most preferred to conventional farming. The 

edible bean system model, which involved the 

planting of trees in rows, is feasible, and the cowpea 

system involving two trees per plot was a viable 

option. Subsidies on interest rates for financing 

farming inputs by financial institutions and 

promotional awareness programs were the preferred 

initiatives by the farmers in the study for the 

improvement of conservation agriculture. 

DISCUSSION OF FINDINGS 

Agroforestry and conservation agriculture are 

increasingly recognised as climate-smart farming 

methods due to their role in helping farmers adapt to 

climate change and their capacity to absorb 

greenhouse gases. This conclusion is drawn from a 

review of online literature, including studies that 

utilised questionnaires to gather input from 

smallholder farmers in Kenya, Tanzania, Uganda, 

and Zimbabwe. Findings from these surveys and 

accompanying field visits show that agroforestry is 

widely accepted and practised in these countries. 

Farmers incorporate elements such as roadside and 

protected trees, living hedges, fruit trees, and timber 

species into their farms and shifting cultivation 

areas, adapting their use based on local landscapes 

(Castle et al., 2021; Rosati et al., 2021; Adedibu, 

2023).On the other hand, CA was only practised in 

a region across the central Kenya-Uganda plateau as 

an extension of large-scale commercial farming. 

Respondents in Zimbabwe and Tanzania either had 

heard of CA or were practising some of the CA 

principles, such as reduced tillage and using mulch 

on ridges in planting maize. In Uganda, some 

respondents only practised reduced tillage, while in 

Kenya, some of the respondents either practised 

maize bean rotation or used inorganic fertilisers on 

part of their farms. People practising agroforestry 

cite reduced loss of soil by water erosion as the main 

advantage of the technology, while reducing soil 

erosion is the main advantage, according to those 

practising CA (Das et al., 2022). The main concern 

of those practising agroforestry is that trees compete 

with crops for available water, as reported by 43% 

of the research participants. The main concern 

among those practising CA is that of weeds 

competing with crops, followed by the fact that the 

available mulch hinders crop germination and 

growth, as reported by 44% of the research 

participants (Mwiinga, 2021). 

Adoption and Implementation of AF and CA 

Practices 

This subsection presents the adoption patterns and 

processes of the implementation of agroforestry 

(AF) and conservation agriculture (CA). Varying 

adoption levels are observed between Kenya, 

Tanzania, Uganda, and Zimbabwe. In all four 

countries, less wealthy farmers, those with no or 

little education, and/or with depleted or degraded 

natural resources are less likely to adopt AF and CA 

practices. Studies from specific areas of Kenya, 

Uganda, and Zimbabwe indicate that such factors 

are influential. Concerning the uptake of CA, it was 

often the larger-scale farmers who were open to 
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change and opted for a 'no-tillage' form of CA, 

rather than the zero-tillage technique. Finally, 

studies in all countries, except for Kenya, report the 

length of time that farmers have been practising CA 

(Ngoma et al., 2021). 

In sub-Saharan Africa, research programs and 

development organisations have worked together 

with national implementing bodies and farmer 

groups to introduce AF and CA as a promotion of a 

permanent soil cover, and permanent organic soil 

fertility, and to scale up. These processes often 

involve training or learning components. The 

studies assessed how well AF was understood in 

context and the degree to which it was being put into 

practice. In Tanzania, one study found that about 

55% of the 123 households interviewed stated that 

they were practising woodland management, and 

approximately 47% could identify a range of 

reforestation and reforestation practices as being 

'ongoing'. Only 14% of those interviewed were 

practising a method being advocated through the 

promotion of CS rice paddies in northern Tanzania. 

In Kenya, in Uganda (a study based on two field 

sites and other background studies), examine the 

implementation of CA practices on key Kenyan 

farm case studies to detail the results of adopting CA 

(Mupangwa et al., 2021).  

Perceived Benefits and Limitations of AF and CA 

Practices 

Perceived benefits and limitations of AF and CA 

practices sub-themes: Perceived benefits of 

Conservation Agriculture and Agroforestry; 

Perceived limitations of Conservation Agriculture 

and Agroforestry. Participants reported increased 

agricultural yields, improved soil fertility and 

integrity, and enhanced resilience to erratic weather 

and climate change as benefits linked to both 

agroforestry (AF) and conservation agriculture (CA) 

in Kenya, Tanzania, Uganda, and Zimbabwe. Some 

specifically mentioned farmers had-no-rain or 

zai/pit planting as forms of CA as food/feed sources 

being especially relevant in times of scarcity (Kaur 

et al., 2023; Rawat et al., 2022). For example, a 

discussant from Kenya said, “There are several 

benefits of AF, that is the availability of food, 

reduction of drought periods, and shamba (fertile 

soil). The only limitation is the little rainfall that we 

receive in our sub-counties; therefore, rains need to 

improve to run bigger sizes of about 14 acres.” 

The overall lack of perceived limitations offers 

important insight into the acceptability of and 

enthusiasm for the practices. Certainly, it could 

mean that the technologies are as effective as 

preservatives, promoting sustainability through 

their large number of perceived benefits. It is also 

possible that some individuals may have doubted the 

relevance of the question and were more focused on 

short-term benefits when asked about the limitations 

of the practices. Some findings in the CA literature 

have found that the practices can be inflexible, not 

easily adaptable to shifting climatic conditions, due 

to their promotion of mono-cropping and therefore 

not yet suitable as CSA practices. Moreover, all of 

the perceived limitations are possible implications 

that need to be considered when advocating for AF 

and CA on a wider geographical basis than farmers 

using the practices described in these papers reside. 

Factors Influencing the Adoption and 

Effectiveness of AF and CA Practices 

This subsection reviews the factors associated with 

an increase in the adoption and effectiveness of 

agroforestry and conservation agriculture practices 

in Africa. The assessment identified several issues. 

Economically, farmers must have access to credit 

and market opportunities to cover the costs of 

transitioning to conservation agriculture or 

agroforestry and a low-risk environment for 

investment in such practices. At the community 

level, individual farmers may feel there is a need to 

comply with established community norms 

regarding the type of crops and the overall 

management of crops that are grown in a locality. 
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Thus, social capital building and collective action 

addressing specific issues such as water access may 

be helpful. Many of the farmers interviewed 

indicated that they produce 'enough' food for their 

own needs and those of their families. To encourage 

the commercialisation of agroforestry and 

conservation agriculture, such farmers need to be 

made more aware of the need and potential benefits 

(Fatima et al., 2024; Pantera et al., 2021). 

Many uneducated farmers are more likely to use 

their limited resources on activities where they 

know that, in the end, they will have food for 

themselves and their families. An enormous amount 

of extension work will therefore be needed to 

change the attitudes and practices of these and more 

progressive farmers who are concerned about 

increasing their primary production. These issues 

affect the feasibility as well as the impact of scaling 

up agroforestry-conservation agriculture practices 

in Malawi (Udawatta et al., 2021; Jose & Udawatta, 

2021). Environmentally, the availability of water, 

good water management, and low annual rainfall 

may increase the need for such practices. In 

Zimbabwe, the kinds of outputs of agroforestry 

stands were significantly affected by whether and 

which household members practised conservation 

agriculture. Note that in the same regions of the 

same household in Mutoko and Lupane, 

conservation agriculture was also practised. 

Comparison of the Effectiveness of AF and CA 

Practices in Different Contexts 

A comparison of the effectiveness of AF and CA 

practices in different contexts shows that 

agricultural systems respond differently to AF and 

CA. Crop yield responses and ecosystem services 

directly related to crop production are detailed from 

all case study countries; qualitative responses and 

farmer satisfaction are detailed from Kenya, 

Uganda, and Zimbabwe. The results are mixed in 

terms of yield responses: some countries and sites 

have shown clear improvements in crop yields, 

while others show only small, sporadic, or areas of 

loss. More universally, positive responses to better 

soil quality and increased biomass are noted, 

although Kenyan and Ugandan sites lack clear 

responses for some of these components. Notably, 

the Ugandan case studies show increased landslides, 

yet other sites lack data on potential negative trade-

offs (Rodenburg et al., 2021; Mazhar et al., 2021). 

None of the case studies detailed the role of either 

AF or CA in reducing harmful emissions; thus, we 

are not able to compare outcomes across countries. 

By application of different principles in AF and CA 

and by using tailored intervention packages, the 

effectiveness of both practices varies across 

different socio-geographical contexts. There is no 

single measure of the 'success' of AF or CA systems, 

and what is 'best practice'—indeed, whether AF or 

CA are successful—will be different depending on 

what is assessed and where. Each of the studies has 

areas of success, which demonstrate the best to meet 

many different criteria; the main differences 

between the case studies are determined by 

ecological and socio-economic factors, best suited 

to different technical practices. Key lessons can be 

noted across the case studies, which include the 

value of micro-adaptation, the compatibility of 

different interventions, and the need to build on 

existing agricultural solutions. All case studies also 

show the importance of regular evaluation and 

updating to create successful climate-smart 

agricultural practices that allow farmers to face 

multiple challenges. 

Implications of the Study Findings for Policy, 

Practice, and Future Research 

The results of this study point to a need to look at 

the design and implementation process of climate-

smart agriculture policy intervention. The research 

findings indicate that it remains important to explore 

contextual factors that might interact with climate-

smart agriculture policy intervention in new ways. It 

is also important to develop a comprehensive 

http://creativecommons.org/licenses/by/4.0/


East African Journal of Agriculture and Biotechnology, Volume 8, Issue 1, 2025 
Article DOI : https://doi.org/10.37284/eajab.8.1.2975 

271 | This work is licensed under a Creative Commons Attribution 4.0 International License 

framework to inform decision-making about context 

applicability (Santiago-Freijanes et al., 2021; Rosati 

et al., 2021). Few adaptations or mitigation 

agriculture policy options integrate questions on 

improved understanding of adaptation and 

mitigation practices, their environmental effects, or 

interactivity in a complex and uncertain policy 

environment. These research findings underline the 

importance of a better understanding of the current 

marginalisation as well as potential opportunities. A 

particular focus on differences or similarities in 

adoption and capacity for agricultural 

transformation can help uncover how collective 

societal action within an agricultural system can 

help enhance transformative agencies in agriculture.  

A collective action perspective will be necessary for 

future research to study and capacitate the societal 

linkages and clashing interests, trade-offs, and 

tensions in enhancing rural livelihoods. Future 

research could investigate what potential there is for 

different governance arrangements in farming 

communities, in regions, or at national levels to 

allocate costs and benefits of radical or gradual 

changes in land use. The results of this study suggest 

that considerable differences exist between 

sustainability outcomes in agriculture. Nevertheless, 

these different aggregated climate-smart agriculture 

practices may have different advantages and trade-

offs between various sectors and across different 

levels of community administration and ecological 

scales. This would show the political feasibility and 

effectiveness of the various contexts in which 

climate-smart agriculture may be able to foster 

transformative agency (Koutika et al., 2021; Fahad 

et al., 2022). The present study addresses many of 

the typical shortcomings of farm survey research 

and provides policy-relevant insights for seven 

districts. However, some limitations related to the 

study area and the way the study was carried out 

limit the interpretation of the results. 

Comparison with Existing Literature and 

Studies 

Most of the studies that have gone on to understand 

which type of interventions are perceived by farmers 

to be climate-smart agriculture (CSA) have focused 

on the aggregate notion of CSA. Thus, little is 

known about whether agroforestry or conservation 

agriculture practices have the attributes of being 

classified under different axes of CSA, that is, 

increasing resilience, promoting food security, and 

reducing greenhouse gas emissions (Reicosky & 

Kassam, 2021; Cárceles et al., 2022). This study 

also observed that, although farmers recognise 

certain practices to be CSA, they said that the 

Productive Safety Net Program does not deliver to 

them. Trade-offs and synergies among axes of CSA 

are likely to be differential across locations and farm 

households. CSA practices can exist, but their main 

attribute could be climate change adaptive capacity 

in some locations, while in others, they might have 

mitigation potential, and in others, they might have 

a direct effect on food security. Coexistence of an 

overlap in win-win, win-lose, and lose-lose 

practices is possible (Bohoussou et al., 2022; 

Francaviglia et al., 2023). 

Based on the different characteristics of different 

axes of CSA, the set of practices that are perceived 

to be CSA and those that are not, and when 

perceived to be so under one axis and not the other, 

should be different. These win-win agricultural 

development projects aim to bring development 

dividends that are economic, social, and 

environmental for the poor and naturally use CSA-

like interventions to do so.  

SUMMARY OF THE MAIN FINDINGS 

A study conducted in Kenya, Tanzania, Uganda, and 

Zimbabwe in 2017 examined barriers to adopting 

agroforestry (AF) and conservation agriculture (CA) 

for climate resilience in sub-Saharan Africa. 

Adoption rates varied, with Uganda reaching 75% 
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and Kenya at 35%. The primary motivation for 

adoption was improved soil fertility and yields. 

However, most who discontinued these practices did 

so within the first year due to the high cost of farm 

inputs. 

The study highlighted key factors that could 

enhance adoption, such as minimising quality and 

quantity risks, promoting improved germplasm, 

ensuring better animal feed control during different 

seasons, diversifying agricultural systems, and 

intensifying production. The most significant barrier 

to effectiveness was the harsh environment and 

marginal lands, followed by financial constraints, 

limited awareness, water scarcity, and restricted 

land ownership by women and youth. The findings 

did not align with the initial conceptual framework 

developed for the research. 

Across the four countries, farmers viewed these 

practices as a mix of conventional and ecological 

techniques, such as minimum tillage. Challenges 

identified included biophysical factors like soil and 

water quality, as well as social factors such as 

misconceptions about these technologies, lack of 

awareness and training, insufficient extension 

services, outdated agricultural information, reliance 

on rain-fed agriculture, land tenure issues, and 

limited governmental support. The study found that 

social factors, rather than biophysical or personal 

constraints, were the primary obstacles to adoption. 

Although financial limitations, farm input shortages, 

and weather conditions were concerns, social 

barriers were more prominent. 

While tailored for Kenya, the study's insights have 

broader implications for Uganda, Tanzania, and 

Zimbabwe. The primary goal of promoting AF and 

CA as climate-smart agriculture (CSA) practices is 

to enhance smallholder resilience to climate shocks 

and reduce greenhouse gas emissions through 

improved resource management. Expansion trends 

in AF indicate potential benefits for food security 

and climate adaptation, especially in Uganda and 

Zimbabwe. In Zimbabwe, CA practices have 

improved yields and reduced input reliance. In 

Tanzania, better-resourced farmers have 

successfully commercialised CA practices 

alongside diversified crop-livestock farming, 

aligning agroforestry with commercial agriculture. 

Tree-based practices were often retained as a 

fallback during adverse conditions. 

Despite some positive outcomes, de-adoption, 

fragmented implementation, and diversified use of 

AF and CA were common across the study sites. 

This pattern reflects farmers' adaptive responses to 

climate uncertainty, not only through mixed CA and 

AF practices but also through income 

diversification, including occasional de-adoption of 

AF in favour of agrochemical use in different 

seasons. A flexible portfolio approach could 

enhance AF's benefits, though tensions may arise 

between farmers, policymakers, and other 

stakeholders regarding climate-smart agricultural 

development. 

The findings suggest that continuous stakeholder 

collaboration is essential to align AF and CA 

practices with farmers’ needs and perceptions. Co-

learning, knowledge exchange, and stakeholder 

engagement should be central to building trust 

among governments, civil society, and farmers. An 

integrated development approach and evidence-

based agricultural policymaking will be crucial to 

ensuring the sustainable adoption and effectiveness 

of these climate resilience strategies. 

CONCLUSION 

This study highlights the potential of agroforestry 

(AF) and conservation agriculture (CA) as climate-

smart agriculture (CSA) practices to enhance food 

security, improve soil health, and build climate 

resilience among smallholder farmers in Kenya, 

Tanzania, Uganda, and Zimbabwe. While AF and 

CA demonstrate significant benefits, such as 

increased carbon sequestration, improved soil 
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fertility, and enhanced crop yields, their adoption 

remains limited due to financial constraints, limited 

access to credit, and socio-economic disparities. 

Mixed results in crop productivity and inconsistent 

adoption rates underscore the need for context-

specific interventions tailored to local conditions. 

The findings emphasise the importance of 

integrating innovative techniques with traditional 

practices, leveraging organic matter as a key driver 

of soil health, and addressing systemic barriers to 

adoption. Supportive policies, institutional capacity-

building, and targeted extension services are crucial 

for scaling up these practices. Additionally, 

monetising the benefits of AF and CA, along with 

establishing governance structures, could enhance 

adoption rates and ensure long-term sustainability. 

Future research should focus on refining models to 

increase yields on small land sizes, addressing 

labour constraints, and employing participatory 

approaches to align AF and CA practices with 

farmers' needs. Continuous stakeholder 

collaboration, knowledge exchange, and evidence-

based policymaking are essential to overcoming 

barriers and maximising the benefits of these 

practices. By addressing these challenges, AF and 

CA can play a pivotal role in enhancing food 

security, improving ecosystem services, and 

building resilience against climate change in sub-

Saharan Africa. 
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